Parenchymal cells from adult rat liver have been established in primary monolayer culture . Donor animals are subjected to a partial hepatectomy and, 4 days later, cells are prepared by collagenase perfusion of the regenerated liver . The hepatic parenchymal cells, separated from nonparenchymal material and suspended in serum-free medium, are placed in plastic tissue culture dishes, where they form a monolayer within 24 h . The monolayer cells exhibit minimal mitotic activity and demonstrate several major metabolic functions characteristic of liver in vivo ; these include albumin synthesis and secretion, gluconeogenesis from 3-carbon precursors, responsiveness to insulin and glucagon, glycogen synthesis, and activity of two microsomal enzymes . These functions are present in the monolayer cells for several days at activities similar to those observed in the liver in vivo . The findings indicate that hepatic parenchymal cells in this monolayer system are viable and behave in many respects like normal adult rat liver .
The liver, as a central effector of homeostasis in mammals, plays a complex role in the intact organism . For this reason, methods have been devised which permit study of hepatic physiology in vitro. Four such preparations are in general use : isolated perfused liver, incubated liver slices, suspensions of isolated hepatic parenchymal cells, and "liver" cell lines . Although all have yielded important information, each system has its methodological limitations . Isolated liver perfusion and liver slice incubation invclve unfractionated tissue and consequently fail to discriminate between hepatic parenchymal and sinusoidal cell function (I) . More important-and a problem shared by suspensions of isolated hepatic parenchymal cellsis the apparent diminution of metabolic activity after 3 or 4 h in vitro (2, 3) . While this period may be sufficient for the study of certain biosynthetic pathways or of rapidly responding metabolic processes, it precludes investigation of many regulatory mechanisms whose response to experimental manipulation is observed only over periods of many hours or days .
In a search for a more stable and homogeneous in vitro preparation, liver cell lines have been developed, derived from explants of liver or from hepatomas (4) . Like other tissue culture systems, these hepatic cell lines satisfy the requirements of homogeneity and stability, but they usually fall short of an ideal in vitro system because they fail to retain the multiple differentiated functions of liver cells in vivo. The commercially available Chang liver cells, though derived originally from human liver tissue obtained by biopsy (5), appear to be devoid of differentiated liver function (6) . Of the cell lines originating from hepatomas, a few THE JOURNAL OF CELL BIOLOGY • VOLUME 59, 1973 • pages 792-734 are capable of conjugating bilirubin (7) or of synthesizing albumin (8, 9) and other serum proteins (9) , but none of the systems thus far described exhibits the full range of metabolic functions normally present in the liver in vivo . Indeed, at a recent conference on liver cell culture, the opinion was expressed that the search for a fully differentiated self-propagating liver cell line may be a "will-o'-the-wisp" (10) .
One of the reasons for the poor expression of specific metabolic functions in liver cell lines may be their mitotic activity . On the basis of a few wellstudied examples, it has been suggested (11) that mitotic activity in culture preempts or deletes the expression of differentiated metabolic function . This tenet has been recently supported by findings in a neuroblastoma cell line whose cells, when exposed to serum, divide at relatively high frequency and demonstrate little specific function . In contrast, when serum is removed and growth suppressed, the cells send out axons and elaborate characteristic enzymes (12) .
In the present paper, we describe a method for the study of adult rat hepatocytes in vitro, using an approach which appears to satisfy the requirement of homogeneity, to preserve specific functions and to be stable for several days . The experimental procedure follows general cell culture techniques . Isolated hepatic parenchymal cells are prepared from adult rats, which have undergone a partial hepatectomy 4 days previously, and incubated in a standard defined medium . The preparation differs from cell culture, however, in that conditions are deliberately imposed that minimize cell division . The medium is free of growth-promoting components, such as serum or embryo extract, and high density seeding of cells is carried out, so that cell-to-cell contact is achieved almost immediately . During the first 24 h after plating, the hepatic parenchymal cells, initially round, become cuboidal in shape and form a confluent monolayer which is viable for periods of at least 7 days but static with respect to cell division . Data is presented that documents the presence of differentiated function in the monolayer preparations and its preservation over a period of several days. A detailed description of ultrastructural aspects of these cells in monolayer will be reported in the accompanying paper (13) .
MATERIALS AND METHODS
Adult male Sprague-Dawley rats weighing 180-300 g were used. 
Preparation of Isolated Hepatic Parenchymal Cells
Rats were subjected to a two-thirds hepatectomy (median and left lateral lobes) under ether anesthesia and permitted to recover with free access to food and water . 4 days later, the animals were used for the preparation of isolated hepatic parenchymal cells from the regenerated liver . The method of Berry and Friend (14) was employed with the following modifications : hyaluronidase was omitted from the perfusion medium ; the perfusion was carried out under room air ; and the perfusion medium consisted of 0.8% NaCl, 0 .04% KCI, 0 .005% Na2HPO4, 0 .006% KH2PO4, 1 mM sodium succinate, and 100 U/mI penicillin, pH 7 .5-7 .7. The perfusion rate was 30-35 ml/min. Strict sterile technique was observed throughout . Collagenase was prepared fresh each day and sterilized by passage through a washed Millipore filter (0 .45 pm pore size) . At termination of the perfusion, the liver was placed in a sterile flask, gently dispersed with a blunt tool, and agitated in a metabolic shaker at 37°C for an additional 15 min in 40 ml of the same collagenase-containing medium . The resulting cell suspension was filtered through a double layer of sterile cotton gauze into a centrifuge tube . The parenchymal cells were separated from debris and from sinusoidal cells by four successive centrifugations at 70 g for 2 min each, with resuspension of the cells after each spin in monolayer medium (see below) at 27°C . The washed isolated cells finally were resuspended in 10-20 ml of medium and their number estimated in a hemacytometer . The homogeneity of the preparations, with respect to contamination by sinusoidal cells, was determined by methods described previously (15) in which the sinusoidal phagocytes are specifically labeled by injection in vivo of B 91°tech-netium-sulfur colloid, followed by gamma counting .
The perfusion conditions of Berry and Friend (14) were altered as a result of studies of a microsomal enzyme (p-nitroanisole 0-demethylase) and of a soluble enzyme (lactic dehydrogenase) in the isolated hepatic parenchymal cells. Though cellular lactic dehydrogenase activity, as reported previously (14), was not affected by the cell isolation procedures, the activity of 0-demethylase was reduced to 20-40% of the activity in the intact parent liver, when the published perfusion conditions were observed (14) . By contrast, with the modified perfusion conditions, 0-demethylase activity was 80-100% of that found in the parent liver .
Preparation of Monolayers
Suspensions of 5-6 X 10 6 cells were placed in 60-mm plastic Petri dishes in 2 .5 ml of L-15 medium, which contained 100 U of penicillin/ml and 1 mM succinate . The cell suspensions in the plates were carefully swirled to disperse the cells, and the plates were placed in a humidified incubator at 35°C under air . Visual inspection with an inverted microscope revealed that the rounded cells were essentially in contact in a single layer in the plates . A complete change of medium was carried out after the first 24 h of incubation and every 2 days thereafter . From each rat, a batch of 20-40 monolayers was obtained . Though functional variation among cell preparations was small, an individual batch of monolayers was used for each metabolic study .
Analytical Procedures

SYNTHESIS OF ALBUMIN BY MONOLAYERS :
Monolayers were incubated with L-15 medium, in which cold glycine was replaced with 1 µCi/ml of [ 14 C]glycine (sp act 4 .92 mCi/mmol) . After 2 h of incubation, the incorporation of labeled glycine into albumin in the medium was estimated by solid-phase radioimmunoassay (16) . The binding capacity of the anti-rat albumin antibody was estimated from the amount of pure radiolabeled rat serum albumin that was precipitated under standard conditions of incubation (16) . For this purpose, rat albumin was labeled with 1251 as previously described (16) .
The cell material from two plates was suspended with a polyethylene scraper in a total of 1 .0-1 .5 ml cold potassium phosphate buffer (0.1 M, pH 7.40) and sonicated . The sonicate was clarified by centrifugation at 18,000 g for 10 min . Assay for O-demethylase activity was carried out on the supernate with pnitroanisole as substrate (17) . The reaction mixture contained approximately 1 mg/ml protein . For comparison, a sample of whole rat liver was homogenized in the same phosphate buffer and O-demethylase activity assayed in the 18,000 g supernate .
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THE JOURNAL OF CELL BIOLOGY . VOLUME 59, 1973 Control studies indicated that sonication did not affect the activity of 0-demethylase under the assay conditions described . (19) , and 100 U penicillin/ml, pH 7 .4 . Glucose in the monolayer medium was assayed by the glucose oxidase method (Worthington Biochemical Corp .) . Pyruvate or lactate, as gluconeogenic substrates, were added to this medium at a concentration of 5 mM, and net glucose production was measured after 2 h of incubation .
ATP was assayed by the luciferin-luciferase method, as described by Holmsen et al . (20) . For extraction of ATP from isolated parenchymal cells or from monolayers, 48% ethanol containing 5 mM EDTA and 0 .07 M NaCl at 4°C was added directly to the cells, which were then transferred to a centrifuge tube and maintained at 4°C for 15 min for completion of the extraction . The samples were clarified by centrifugation at 20,000 g for 10 min . For measurement of ATP, the supernate was diluted in cold 0 .07 M NaCl and assayed in an Aminco Photomultiplier microphotometer (American Instrument Co ., Inc ., Travenol Laboratories Inc ., Silver Spring, Md.) connected to a linear recorder. The ATP in individual preparations was quantitated with an internal ATP standard solution . The concentration of ethanol in the assay system never exceeded 3%, which is without effect on the assay (20) . For purposes of comparison, ATP was also assayed in whole rat liver . The liver in situ was flushed free of blood with cold isotonic saline via the portal vein, immediately excised, and a thin slice rapidly frozen between two blocks of solid CO2 . The time which elapsed between the saline perfusion and the freezing of the liver sample was less than 5 s . The frozen liver slice was powdered in a mortar placed in a dry ice-acetone bath, and the ATP was extracted and assayed as described above .
MISCELLANEOUS PROCEDURES :
Standard methods were employed for the measurement of glycogen (21), inorganic phosphorus (22) , cyclic adenosine 3',5'-monophosphate (23), protein (24), glucose-6-phosphatase (25) , and lactic dehydrogenase (26) .
RESULTS
The isolated hepatic parenchymal cells were morphologically intact and free of debris . It was estimated that with a correction for the recovery of cells from the intact liver (15) , the preparation of isolated parenchymal cells contained fewer than 1 % sinusoidal cells . From one liver, 100-200 X 10 6 parenchymal cells were obtained, of which 60-80% were single cells, the remainder being mostly pairs of cells .
Monolayers of Hepatic Parenchymal Cells
Within 6 h of plating, the initially spherical cells adhered to the plastic surface of the Petri dishes, began to flatten and assume a cuboidal shape . After 24-36 h, adaptation of the cells to the in vitro conditions appeared to be complete, in that at least 75 % of the plate showed confluent hepatic parenchymal cells with light microscope morphology that resembled normal liver (Fig. 1) . Mitotic figures were found in less than 0 .1 % of the cells . Because the procedure required a high density of cells in the central portion of the Petri dish, plating density at the periphery of the dish tended to be excessive, resulting in piling up of cells, inadequate surface adhesion, and consequently, poor monolayer formation . Thus, a peripheral band of cells usually was lost in the first change of medium after 24 h . This difficulty could be minimized by the use of contoured dishes (Lux Scientific Corp .) . In addition, scattered nonviable round cells frequently were observed on the surface of the monolayer, identified by an amorphous appearance and lack of cytologic detail under light microscopy (Fig. 1) ; these probably represented cells that had been damaged by the preparatory procedures and carried through to the plating stage . Similar nonviable cells also appeared to originate from the monolayer itself as its incubation progressed beyond the 4th day . After about the same duration of incubation, the single confluent sheet of cells began to condense, forming bands and arcs of closely packed cells . Unless indicated otherwise, no functional studies were carried out beyond the 4th day of incubation, although monolayers were observed to exclude trypan blue dye for as long as 2 wk . Growth of fibroblasts or of other mesenchymal cells never occurred in these cell plates, and bacterial contamination was extremely rare .
Viability and Metabolic Functions of Monolayers
Ultrastructural morphology (13) and the exclusion of trypan blue dye (27) provided general Rat hepatic parenchymal cells in monolayer after 4 days of incubation . The amorphous material on the surface of the cell sheet represents nonviable cells . Phase contrast. X 440 .
evidence that the monolayers were viable. In addition, lactic dehydrogenase activity, assayed serially from the 1st to the 5th day of incubation, remained at 80-100% of the activity found in the parent liver . The monolayers were allowed 48 h of adaptation to the in vitro situation before specific metabolic functions were assayed, and, in general, these procedures were carried out between the 2nd and 4th day of incubation . This waiting period allowed for resolution of autophagic vacuoles that may occur during cell isolation and the initial period of monolayer formation (13) . Up to the 4th or 5th day of incubation, all of the metabolic functions investigated were measurable at levels similar to those of intact liver . Beyond this time period, the individual functions declined to a variable degree, as indicated below .
ALBUMIN SYNTHESIS : After an initial lag, labeled glycine was incorporated into albumin at a linear rate for at least 2 h (Fig . 2) . The lag period presumably represents the time required for transcellular secretion of the newly synthesized albumin . In order to demonstrate that this time lag was not simply due to isotope dilution in a large cellular glycine pool, derived from the high glycine concentration (2 .7 mM) in complete L-15 medium, monolayers were preincubated for 1 h in glycinefree medium before addition of the labeled glycine . Under these conditions, the specific activity of the secreted albumin increased, but the lag period 
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THE JOURNAL OF CELL BIOLOGY • VOLUME 59, 1973 was unchanged (Fig . 2) . A similar lag period (15-20 min) has been observed between injection of labeled amino acid to animals in vivo and the appearance of labeled albumin in the blood (28, 29) . As estimated from the binding capacity of the antialbumin (see Materials and Methods), albumin was synthesized by the monolayers and exported to the medium at a rate of about 1 sg/h per mg cellular protein, which is comparable to the reported rate of albumin synthesis in rat liver in vivo (29) . The relative rate of albumin synthesis, as a function of the age of the monolayer, is shown for two different batches of monolayers in Fig. 3 . After approximately 4 days of incubation, a decline in albumin synthesis was seen, which was paralleled by reduced activity of other metabolic functions .
GLUCONEOGENESIS FROM LACTATE AND PYRUVATE : Hepatocyte monolayers, incubated in M medium, produced substantial amounts of glucose, which could be almost entirely accounted for by glycogen breakdown (Table I ) . The presence of Eagle's minimal amino acids in M medium (see Materials and Methods) had no measurable effect on glucose production or glycogen breakdown by monolayers, as compared to data from experiments using amino acid-free M medium . By contrast, the addition of 5 mM lactate or pyruvate to M medium significantly stimulated glucose production while inhibiting glycogenolysis over the same time period . Thus, at least 90% of the glu- cose produced in the presence of pyruvate or lactate appears to represent conversion of the individual 3-carbon precursor to glucose ( Addition of glucose to the complete medium resulted in a significant increase in cellular glycogen . A further dose-related rise in glycogen in the cells was observed with the addition of insulin to the incubation medium (Table II) . The metabolic response of the monolayer to glucagon was studied in terms of glycogenolysis . Addition of 2 X 10-10 M glucagon to the medium produced a rapid release of glucose into the medium with a corresponding loss of cellular glycogen (Fig . 4) . The concentration of the hormone used was similar to that employed in studies with isolated perfused liver and is considered to be in the physiological range (32) . The time-course of the *Monolayers were incubated for 16 h in L-15 medium with the additions indicated . $ P < 0 .01, with respect to (1) . § P < 0 .05, with respect to (2) . glycogenolytic process indicates that the response to glucagon was essentially completed within 45 min (Fig. 4) . In preliminary results, cyclic adenosine 3',5'-monophosphate increased in response to 2 X 10-s M glucagon ; both the time-course and whereas glucose-6-phosphatase activity was unaffected by the polycyclic hydrocarbon (Fig . 6 ) .
The dissimilar response of these two microsomal enzymes to the inducing hydrocarbon mirrors the behavior of those enzymes in the liver in vivo, where glucose-6-phosphatase activity also fails to increase during induction of the drug-metaboliz-1 Cyclic adenosine 3',5'-monophosphate assays were kindly performed by Dr . H . R . Bourne, University of California, San Francisco, Calif.
THE JOURNAL OF CELL BIOLOGY . VOLUME 59, 1973 ing system (37) . In a given batch of cells, 0-demethylase activity remained constant over the first 6 days of incubation (Fig . 7) . reproducibly present at various times during the first 6 days of incubation of the monolayers . Thereafter, the diminishing baseline activity of the enzyme was accompanied by a reduced response to the inducer chemical (Fig . 7) .
DISCUSSION
The monolayer system for hepatic parenchymal cells described in this paper has been designed specifically for the study of differentiated hepatic functions in vitro . The presented findings document that various metabolic functions characteristic of hepatocytes are preserved in the incubated cell monolayers over a period of several days . The parameters of viability and function which have been selected for study are typical of liver and at the same time permit a general assessment of cell integrity. Albumin synthesis occurs exclusively in the liver (38) and also serves as a general measure of protein synthesis and secretion . Gluconeogenesis is one of the principal functions of the liver and demonstrates the integrated interaction of the mitochondrial and cytoplasmic compartments of the cell (39) . The response to insulin or glucagon serves to verify the presence of membrane receptors for these hormones (40, 41) as well as to demonstrate the integrity of the adenyl cyclase system . The preservation of the smooth endoplasmic reticulum, which is abundantly present in normal liver (42), has been documented by assay of two of its enzymes and their response to inducing chemicals. The operation of these processes at levels comparable to those in the intact organ indicates that the incubated cells maintain a high degree of metabolic integrity . Moreover, within a few hours of plating and incubation, monolayers exhibit repletion of ATP, which was subnormal in the freshly isolated hepatocytes (Fig . 5) , and responsiveness to physiological levels of glucagon, which also may be altered in collagenase-prepared cell suspensions (33) . This suggests that the conditions under which the monolayers are incubated permit repair of injury that may have occurred during the preparative stages of cell isolation . Of the existing experimental systems for studying differentiated hepatic function in vitro, the isolated perfused rat liver is perhaps the most widely used, and it served in part as a standard for judging the metabolic performance of the cells in monolayer. In contrast to isolated perfused liver, however, hepatocyte monolayers offer the advantages of cellular homogeneity, stability for days rather than for hours, and the opportunity to conduct multiple experiments with cell material from a single liver . A second frequently used experimental system consists of liver slices incubated in physiologic buffers, which carry out a variety of metabolic functions and which can be prepared in large number from a single liver . The liver slice technique resembles the monolayer system in some functional aspects, but it has the disadvantages of cellular nonhomogeneity and of limited viability as well as the problem of uneven exposure of central areas of the slice to the medium . Moreover, the relative concentrations of glycolytic intermediates appear to undergo marked shifts in excised liver (36) . A third experimental system consists of the incubation of suspensions of isolated hepatic parenchymal cells . These are derived usually from nonregenerating (resting) rat liver but are similar in other aspects to the cells used for preparation of the monolayers . The cell suspensions are essentially free of nonparenchymal elements and multiple samples can be prepared from a single liver . However, as with isolated perfused liver, cell suspensions appear to have a limited viability . The ATP concentration in these cell preparations is depressed (Fig . 5) , which suggests a deviation from the normal concentration of metabolic intermediates (36), and the relatively high concentrations of glucagon required to stimulate gluconeogenesis (33) may indicate that membrane hormone receptors have been damaged during the preparation of the cells .
Much of the technique for the monolayer system has been borrowed from the methods of cell culture, in that dispersed cells are used as the starting material and a cell monolayer is the result . Hepatocyte monolayers differ from cells in conventional tissue culture primarily in being nonproliferating . Thus, the term "culture" in its strict sense may be inappropriate for the monolayer technique . Most published cell culture methods for liver utilize embryonic material dispersed with proteolytic enzymes and grown in the presence of serum . Chick embryo liver has been used extensively for the study of the heme synthetic pathway (42-45) . While important information has been gained by this technique, its relevance to mammalian physiology has been questioned on a number of counts . For example, several compounds that are inactive in mammalian liver have been shown to stimulate heme synthesis in chick embryo liver (42, 46) ; also, heme catabolism in avian cells apparently proceeds by mechanisms different from those described in various mammalian tissues (47) . More-over, chick embryo liver offers few, if any, technical advantages over the monolayer method, in that the survival of cells in both systems is approximately the same . With the use of rat embryo liver (48) , the metabolic peculiarities of avian tissue may be circumvented, but the question of the applicability of observations made with embryonic tissue systems for adult physiology remains unresolved (49) . Recently the maintenance of adult rat liver cells in vitro by a "squash" technique (50) or in filter wells (51) has been reported . Differentiated hepatocyte function was not, however, studied under these circumstances .
Organ explants are related to cell culture, in that in both systems cell proliferation is observed under the influence of serum-containing medium . With liver explants, outgrowth of cells occurs reproducibly, which frequently survive for prolonged periods of time (52), and hepatic architecture is at least initially preserved . It is doubtful, however, whether differentiated cell function is long maintained . A "gradient" of cell viability may be detected morphologically, ranging from necrosis and death of centrally located cells to cell proliferation on the surface of the explant (4) . Moreover, the growing cell population frequently appears to be mesenchymal in type rather than parenchymal (53, 54) , and persistence of differentiated function in liver explants has not yet been demonstrated .
Cell cultures, as well as explants, of liver have permitted isolation of individual cell lines that have survived many passages in vitro . While these cell lines represent an attractive approach to the problem of a stable in vitro cell system, it is often difficult to determine the type of the isolated cell (4) . As has been shown in a cloned hepatoma cell line, the phenotype of daughter cells may change markedly from that of the parent cell in the course of relatively few mitotic cycles (55) , and with repeated passage of a cell line over a period of months or years, neoplastic changes may appear. Late-passage Chang liver cells were found to be indistinguishable from tumor cells by morphologic and karyotypic criteria (56) . Moreover, while particular metabolic features of a given cell line may be retained through many generations in vitro, cultured cells in general appear to undergo alteration to a common enzymatic profile regardless of the origin of the cell (57) . A possible exception to these findings is a hepatoma cell line, which exhibits multiple metabolic characteristics of normal liver (9) . It is also of interest, however, that while 7 3 0 THE JOURNAL OF CELL BIOLOGY • VOLUME 59, 1973 other hepatoma and liver cell lines typically divide every 48 h or less (58) (59) (60) (61) (62) , this apparently stable, relatively well-differentiated cell line has a generation time of 8-12 days (9) .
Thus, it may be one of the important features of hepatocyte monolayers that they exhibit only rare mitotic figures and thereby resemble closely adult rat liver in vivo, in which the parenchymal cells divide rarely, if at all (63, 64) . In order to keep the mitotic activity of monolayers at a minimum, the usual techniques of cell culture were modified as follows . A serum-poor medium was used in order to avoid the growth-promoting properties of serum and other biological fluids (65) . In addition, since various mammalian cells in culture are known to exhibit density-dependent inhibition of cell division (66) (67) (68) , plating of cells was carried out at a density such that cell-to-cell contact was achieved almost immediately . Finally, since we found that parenchymal cells from resting adult rat liver required 10% fetal calf serum for monolayer formation, 4-day regenerated liver served as the source of cell material . Bissell and Tilles (69) had previously demonstrated that human fetal liver can be established in monolayers in the absence of serum . We suspected that regenerated liver might be similarly adaptable to serum-free conditions, since such liver is known to exhibit some of the characteristics of fetal liver (70, 71) . The combination of these methodological modifications resulted in hepatocyte monolayers which were stable in cell number for several days . An interval of 4 days between partial hepatectomy and preparation of isolated hepatic parenchymal cells was found to be optimal for the reproducible formation of monolayers in serum-free medium . When the period of liver regeneration exceeded 4 days, monolayer formation became progressively less satisfactory unless serum was included in the medium .
Since regenerated liver was used as the cell source for monolayers, the question may arise whether regenerated liver, obtained on the 4th day after partial hepatectomy, may be taken to reflect the metabolic state of resting liver . While this question must be raised anew for each kind of process under study in the monolayer system, the present data suggest that the cells in monolayer are similar to resting liver . After partial hepatectomy, the rate of DNA synthesis reaches a peak after about 24 h, but by 4 days later it has returned almost to normal (74) . Other processes, such as albumin synthesis, may be affected Overall, it appears that potential differences between cells grown in monolayer and normal liver tissue would be unrelated to changes imposed by the regeneration process, more likely being due to nutritional or hormonal deficiencies of the in vitro conditions . For example, hepatic parenchymal cells maintained in a serum-free defined medium for 3 or 4 days might be expected to undergo alteration in adrenal corticosteroiddependent function ; and indeed, we have noted that cells plated and maintained in the presence of 10 -s M hydrocortisone exhibit a significantly greater gluconeogenic response to glucagon and epinephrine than do cells from the same preparation established in cortisone-free medium . 2 These findings appear analogous to data from studies of isolated perfused livers from adrenal ectomized animals (77) . Thus, the monolayer method offers the possibility for study of the various hormonal and nutritional modulators of normal hepatocyte metabolism .
Critical to the success of the described method is the density of the initial inoculum . Optimally, the plate should contain a single layer of contiguous round cells . Excessively large inocula, leading to piling up and overlap of cells, prevent proper cell attachment, while excessively small inocula, which prevent cell-to-cell contact, result in spotty confluence in the plate and consequently short-lived preparations . Also important is the depth of the medium used . Whereas 2 .5-3 .0 ml of medium per 60-mm plate yield optimal results, the 5 ml volume frequently used with plates of this size prevents monolayer formation . This effect may be related to diminished gas exchange through the greater depth of fluid (78) .
The proposed in vitro system, allowing study of differentiated hepatic function in stable isolated cells, has countless applications for metabolic investigations . It presently is being used for the study of several aspects of the synthesis and degradation of components of rat liver membranes, including the regulation of heme and hemoprotein synthesis, lipoprotein formation, and cholesterol metabolism .
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